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During the r epor t  per iod,  research has  been carried out i n  

four  major problems. I n  the cases of Messrs. Gilbert and 

Burke, the work t h e y  have done In  t h e  Brandeis Astrophysics 

I n s t i t u t e  has  developed out  of problems begun by them a t  

Harvard University,  in the Departments of Physics and 

Astronomy, respect ively.  Their separate researches,  t h e  

major por t ions  of which were supported by t h i s  g ran t ,  have 

r e s u l t e d  i n  doctoral theses which have been s u b m i t t e d  t o  and 

accepted by Harvard University. The t i t l e s  are as follows: 

1. '?&e S t a t i s t i c s  of Gravi ta t iona l  Cluster ing" by 

I ra  Gi lbe r t .  

2. "Some Star-Star and Star-Gas Xnteractions" by 

Anthony Burke. 

An abstract of Dr. Gilbert's work is included as an appendix 

t o  t h i s  report. D r .  Burke ' s  paper Is i n  t h e  process of being 

reprsuuced and a copy w i l l  be forwarded as soon as i t  f a  

available, which should be within t h e  next  few weeks. In 

the meantirne,the t i b l e  of contents of D r .  Burke ' s  paper  is 

included i n  t h i s  report as Appendix 11. 
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A n  e f f o r t  t o  obtain a s u i t a b l e  statistical descr ip t ion  of 

a large stellar assoc ia t ion  such as a globular cluster has 

been carried out by Mr. Paul Easton under the supervis ion 

of Dr. J. Goldstein. This work will be presented to the 

faculty of Brandels Un%veFsity as a doctoral thesis i n  the 

latter p a r t  of June 1965. 

description i n  the  E 4  (energy-angular momentum) space,  

rather than I n  the  conventional posi t ion-  ve loc i ty  space. 

It has been possible to derive a Fdrker-Planck equat ion for 

the d i s s r ibu t ion  funct ion,  although t h e  us'ual problems 

associated with the long-range-unacreened Coulomb forces 

still arise, and ar t l f ic la l  cutoffs must be Introduced. The 

The problem has been t o  f i n d  a 

cutoff  I 8  of the order of magnitude of the cluster size. 

resu l t s  are r e l a t i v e l y  in sens i t i ve  t o  the choice of cutoff 

parameter, since t h i s  parameter only appears I n  a logarithm. 

The I n t e g r a l s  which arise are present ly  being evaluated on the  

I'3M 7040 a t  the MIT Computation Center,  and it is an t i c ipa t ed  

t h a t  the r e s u l t s  will be in hand shor t ly .  

The 

A problem i n  r a d i a t i v e  t r a n s f e r  has been Inves t iga ted  by 

J. Goldstein. -Here we are concerned with an atmosphere which 

I s  snly approximately plane parallel; a perturbat ion-type 

calculation is then possible. We assume that the local densi ty  

can be wri t t en  = PI u i t h  e, e Qo s depends 
on the vertical coordinate, z, only and has the form 

p, z p,m e'fU e'87 

to have the same s t ruc tu re .  

be wri t t en  as Io + I&, where, for the  case of a grey 

e . The local temperature 1s assumed 

The r ad ia t ion  field can* then  
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atmosphere with Isotropic s c a t t e r i n g ,  Io is  t h e  s o l u t i o n  of 

the s tanuaru lrlilne problem. We show t h a t  the  problem 

where, if a can be 

with a s i m i l a r  expression holding for p c o  
The no ta t ion  Is explained as follows (for the most part, the 

no ta t ion  is the same as in Chandrasekhar's monograph): 

- local albedo (assumed constant)  

= cost3 (angle with z-axis) 
x P 

- Y =  e L  

Z - o p t i c a l  depth, defined from the  zero-order Milne problem 

- l o c a l  black boay funct ion 

We observe t h a t  even i n  the  absence of temperature f l u c t u a t i o n s ,  

t h e  first order r a d i a t i o n  i n t e n s i t y  does not vanish, but t h a t  

t h e  zero oraer s o l u t i o n  acts as a source term for  the f irst  

order i n t e n s i t y .  Thus,  t he  s t ra ightforward i n t e r p r e t a t i o n  of 

solar  granula t ions ,  f o r  example, as arising so le ly  from temperature 

d i f f e rences  is called i n t o  question. 
s 
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We are at present seeking ways of extracting numerical 

Information from this rather formidable integral equation. 

Finally, we mention that a short paper by Dr. G% Ibceart 

entitled ‘‘The Development of Irregularities in an Expanding 

Universe’ has been prepared and w i l l  shortly be submitted 

to the Astrophysical Journal for publication. 
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SOME STAR-STAR AND STAR-GAS INTERACTIONS* 

by 

Anthony Burke 

Astrophysics Institute 

Brandeis Unloers l t~  

TABLE OF CONTFNTS 

Chapter 1. Orbital  Parameters of  Spectroscopic Binariea 

I ,  Observed Statistics 

11. Initial Distributions 

1. Steady State 

2. A Primordial Dlstribution 

111. Evolving Distributions 

1. Accretion 

2. O r b i t a l  D r a g  

3. Change of Orbital Parameters 

4. Numerical Reauats 

Chapter 2. Angular Momentum and Energy Exchanged Between Nearly 
ColUding Stars 

I. Equations of Motion 

11. Energy Stored i n  Oscillations 

III. Angular Momentum Exchanged 

1. Numerical Evaluations 

*Submitted to Harvard University i n  partial fulf i l lment of the 

'Supported i n  part by NASA research grant NSQ 540-22/05-002. 

requirements for the Ph.D. 
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4. Cluster Atraolrphere 

2. 



by Ira G i l b e r t  
Astrophysics I n s t i t u t e  
Brandels University 

The research described I n  this thesis cons i s t s  of an 

app l i ca t ion  of the hierarchical d i s t r i b u t i o n  funct ion 

formalism t o  the cosmo&onlcal problem of the development 

of I r r e g u l a r i t i e s  i n  an expanding universe. 

The cosmological s e t t i n g  of t h e  work t o  follow is 

first presented In a brief resume of c e r t a i n  aspects of 

Layeer*s hypothesis of g r a v l t a t l o n a l  c lus te r ing .  Next, 

the  equat ions of motion of a coaHlic d i s t r i b u t i o n  of  mutually 

gravitating poin t  masserr We obtained in a p a r t i c u l a r l y  

. convenient set of pos i t i on ,  veloci ty  and time coordlnatea. 

In these coordinates the gross expansion or the  universe is 

transformed away and In  i t a  place &I apparent background of 

negat ive mass and an explicit tine dependence of the 

g r a v i t a t i o n a l  constant  appear. 

The formalism of d i s t r i b u t i o n  and cor re l a t ion  funct ions 
. I s  then developed with emphasis placed upon the  generat ing 

' func t iona l  of Bogolioubov. The generat ing func t iona l  method 
* 

. .. 

I S  employed in a new der iva t ion  of the equat ions of motion for 

the c o r r e l a t i o n  funct ions-  

redef ined in terms of t h e  two-particle co r re l a t ion  funct ion t o  

h$eer*s c l u s t e r i n g  spectrum is 

*Submitted t o  Harvard University i n  par t ia l  fu l f i l lmen t  of 

*Supported i n  part by NASA Research Grant NsQ 540-22/05-002. 
t h e  requirements for t h e  Ph.D. 
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obta in  a quantity more appropriate t o  a particulate d i s t r ibu t ion .  

Various models of c lus t e r ing  are next s tudied  and the 

s impl i c i ty  of the  correlation functions as opposed to the 

d i s t r i b u t i o n  function8 exhibited. The clustering spectmun for 
1 
e 

a three- level  h i e r a r c h i c a l  di8tr ibut iOn of maas points 1s 

explicitly calcukated with the aid of the generating funct ional .  

It l a  found that  pronounced clustering 0'1 a dlstance scale A 
does not neceasar i ly  imply a peak in t he  c l u s t e r i n g  spectrum at 

k=l/X = one might Intuitively expect. 

The dynamics of c l u s t e r i n g  are then i nves t iga t ed  and the 

energy theorem for the  pecu l i a r  k ine t i c  and p o t e n t i a l  energies  

derived. 

weak c?.ustering is exploited in t h e  de r iva t ion  of a useful  

Integral equat ion for the clustering spectrum. 

equr&lon is numerically solved under t h e  assumption of c e r t a i n  

slsple i n i t i a l  conditions.  

A u s t e r i n g  on a distance scale much emaller than Jeans' crltical 

wavelength is overcome by Landau damping or phase mixing but t h a t  

c l u s t e r i n g  on a much larger scale proceeds t o  grow. 

The s impl i f i ca t ion  r e s u l t i n g  from the assumption of 

This I n t e g r a l  

As expected, it  is found that  


